Atypical strains of colon bacilli which do not exhibit characteristic fermentation of lactose have long been recognized. Recently, Dulaney and Michelson (1935) and Michelson and Dulaney (1936) have described strains of Escherichia coli-mutabile which were isolated from the feces of infants suffering from diarrhea. They were able to demonstrate in lactose broth cultures of these organisms that acid production, as indicated by brom-thymol-blue indicator, was coincident with the appearance of red' variants of the initial white form of the organism. This was determined by periodic inoculation of Endo's agar with the broth cultures, the distribution of white and red colonies on the plates being taken as representing the approximate ratio of white to red organisms in the culture at time of transfer.
variable to lactose were able to grow in a synthetic medium containing lactose as the sole source of carbon. With one strain of Aerobacter cloacae-mutabile the maximum number of organisms was reached after an incubation period of 60 hours although the medium did not become acid until after 84 hours.
These observations appear to demonstrate that these organisms can use lactose for growth and energy at a time when they are not producing acid by fermentation of lactose. Jones, Orcutt, and Little (1932) , working with several strains of atypical colon bacilli, concluded from quantitative lactose determinations that lactose was utilized from the beginning of culture, even though the lactose broth remained alkaline for periods varying from 3 or 4 days to 2 or 3 weeks. The failure of the medium to become acid with the rapidity characteristic of E. coli was attributed to the production of alkali (ammonia?) which neutralized the acids assumed to have been produced by fermentation. Upon rapid passage in lactose broth certain of the strains gave rise to organisms which readily fermented lactose. The slow lactose fermenting organisms differed, however, from E. coli-mutabile in that papillae or buds containing organisms capable of rapidly producing acidity in lactose broth were not formed when the organisms were grown on lactose agar plates.
The failure of E. coli-mutabile to produce acidity within 24 hours when grown in lactose broth is conventional evidence of failure of the organisms to attack lactose during this period. The results of the authors cited above however, suggest that certain colon organisms atypical in their behavior toward lactose are able to metabolize lactose and that the type of metabolism is not the usual acid fermentation characteristic of colon organisms. Merrill (1930) , working with members of the Genus Mycobacterium, pointed out the fallacy in concluding that carbohydrates are not utilized simply because the medium fails to become acid. It is conceivable then, though doubtful, as the present paper will show, that both the red and white strains of E. coli-mutabile are able to utilize lactose and that the difference in their behavior is due to a difference in type of sugar metabolism. by the white strain slightly exceeds the amount used by the corresponding red strain. If, as our results indicate, the whitestrain must derive its energy from the nitrogenous components of the medium the amount of ammonia formed in a culture of the white strain might be expected (Kendall, 1923) to exceed the amount formed by the red strain. This increased amount of ammonia should then allow more sugar to be used before the limiting pH is attained. These possibilities were examined in the following experiment. Three hundred and fifty cubic centimeters of lactose broth prepared as above were placed in 500 cc. Erlenmeyer flasks. Garrett red, Garrett White, Rimmer white, and Terrell white were the Northrop (1926) . The ammonia determinations were performed on aliquots by nesslerization after separation of the ammonia by aeration (Williams and Nash, 1933) . The results of this experiment are presented in table 3. It is again demonstrated that lactose utilization is delayed until the appearance of lactose4ermenting variants. Ammonia production in cultures of the white strains is much greater than in the culture of the red strain. This increased ammonia production is reflected in the pH changes observed. The amino-N values show little change.
Additional evidence that the white strain, before the appearance of red variants, acts in lactose broth as in plain broth is given by the results in table 4. Garrett white and Garrett red were inoculated into broth identical with that used above except for the omission of lactose. Ammonia and pH determinations were performed at intervals as in the preceding experiment. The results demonstrate the similar behavior of Garrett white and Garrett red as regards pH changes and ammonia production when grown in plain broth. the difference in lactose utilization by the white and red forms is striking during the first day. By the end of the second day the culture originally containing the white form may have used as much lactose as the red form. We have shown that lactose utilization and acid production by E. coli-mutabile when grown in lactose broth are closely correlated with the appearance of lactose fermenting variants. Additional evidence that the white strains utilize nitrogenous compounds rather than lactose as their source of energy is afforded by the similarity in ammonia production and pH changes whether the organism is grown in plain broth or lactose broth. We believe the delayed appearance of acid and gas when E. coli-mutabile is grown in lactose broth is due principally to delayed lactose fermentation rather than to production of alkali. The white strain does, however, produce more ammonia in lactose broth than the red strain. We take this fact as additional evidence of delayed fermentation of lactose. Our results do not eliminate the possibility that traces of lactose are utilized by E. coli-mutabile. Methods for lactose determination are not sufficiently accurate to determine whether traces are being used when the lactose concentration is 1 per cent. Lewis' method of growing E. coli-mutabile and other mutabile organisms in a synthetic medium containing lactose as the sole source of carbon is better for determining the availability of lactose to the organisms. It may be pointed out, however, that of the nine strains tested by Lewis one failed to grow in synthetic medium and this was the only fecal strain of E. coli-mutabile in his series. All of the strains used in our studies were of fecal origin. SUMMARY 1. The official gravimetric method for determining lactose of the Association of Official Agricultural Chemists has been shown to give accurate lactose determinations in lactose broth without any preliminary treatment to remove nitrogenous substances.
2. The white form of Escherichia coli-mutabile when grown in lactose broth utilizes very small quantities of lactose, if any, before lactose-fermenting variants can be demonstrated. Appreciable lactose utilization and production of acid and gas by cultures of Escherichia coli-mutabile in lactose broth are so closely on October 15, 2017 by guest http://jb.asm.org/ Downloaded from correlated with the appearance of lactose-fermenting variants that we are forced to conclude that the fermentative changes are due to these variants.
3. The white and red forms of Escherchia coli-mutabile when grown in plain broth produce like changes in the ammonia content and pH of the medium. The ammonia production and pH changes produced by the white form are similar whether the organism is grown in plain or lactose broth. When grown in lactose broth the white strain produces much more ammonia than the red strain. We interpret these findings as additional evidence that the white form of Escherichia coli-mutabile lacks a capacity to utilize lactose and that, consequently, the organism obtains its energy from the nitrogenous fractions of the medium.
